This study examined the effects on attitudes and lifestyle behavior of Jog your Mind, a multi-factorial community-based program promoting cognitive vitality among seniors with no known cognitive impairment. A quasi-experimental study was conducted. Twenty-three community organizations were assigned either to the experimental group (offering the program) or to the control group (creating a waiting list). They recruited 294 community-dwelling seniors. The aims of the study were to verify the effects of the program on attitudes and behaviors related to cognitive vitality and to explore its effects on cognitive vitality. Data was collected at baseline and after the program. Regression analyses revealed that, following their participation in the program, experimental group participants reported: (i) in terms of attitudes, having a greater feeling of control concerning their cognitive capacities, (ii) in terms of behaviors, using significantly more memory strategies and practicing more physical activity and stimulating activities than control group participants. However, the program had no significant effects on measures of cognitive vitality. This study supports the fact that a multi-factorial community-based program can have significant effects on seniors' attitudes and lifestyle behaviors related to cognitive vitality but at short term, no effects on cognitive vitality it-self were found.
Introduction
Promotion of cognitive health among seniors is now recognized as a priority around the world [1, 2] . Indeed, the negative impacts of dementia and cognitive decline on seniors' independence and quality of life are well documented [3] . In addition, agerelated memory changes are also becoming a serious concern for many seniors, even for those without known cognitive impairment [4] . Studies show that between 57% and 75% of community-dwelling seniors have memory complaints [5, 6] .
Fortunately, researchers have now identified several healthy behaviors that can improve cognitive health and delay the appearance of symptoms related to cognitive disorders [7] . Indeed, many studies have demonstrated the positive effects of engagement in physical [8] and social activities [9] on cognitive function. Stress management and adoption of a healthy diet are other lifestyle factors known to affect cognitive aging [10] .
Recently, researchers have demonstrated a positive relationship between confidence in cognitive abilities and memory performance [11] , and activities to improve such confidence have been included with success in cognitive programs for seniors [12] . Those activities may include the teaching and practice of memory strategies (e.g. writing on a calendar, repeating information) [13] . Gross et al. [14] found that the use of such memory strategies can have lasting effects on memory and everyday functioning.
In this perspective, some researchers have developed multi-factorial interventions for improving cognitive health among seniors. The approach is supported by observational studies suggesting that interventions combining mental, physical and social components may bring more benefits than single component interventions [7] . However, in their systematic review, Schneider and Yvon [15] found only six completed and eight on-going trials about cognition-oriented multi-factorial programs among healthy seniors.
While lifestyle factors influencing cognition are known to researchers, there is still a general lack of knowledge about cognitive health among the public [16] . One striking example comes from the results of a recent scoping review on public perception about determinants of cognitive health showing that genetics and older age are still being identified as key factors influencing cognitive health [17] . It is therefore of crucial importance that seniors are made aware that a fatalist view of cognitive aging no longer holds and that it is possible for cognitive health to improve through behavior change. Importantly, cognition-oriented trials including aforementioned attitudes and lifestyle components found significant improvements not only on seniors' cognitive function, but also on their well-being and health outcomes [10, 12] . In this regards, the field of public health can play a critical role, especially through the development and evaluation of interventions aiming to inform seniors about cognitive health, help them to understand what are its determinants and how to address them [1] .
Given those considerations, a team from the Integrated Health and Social Services University Network for West-Central Montreal (West-Central Montreal Health) and from Université de Montréal, developed Jog your Mind [18] , a multi-factorial community-based program for promoting cognitive vitality among seniors without known cognitive impairment. A process evaluation [19] showed its feasibility for community organizations. It was now essential to evaluate its effectiveness through a quasi-experimental study.
Current study
This study evaluates Jog your Mind, an evidencebased community program promoting determinants of cognitive vitality among seniors. Cognitive vitality is the 'development and preservation of the multidimensional cognitive structure that allows the older adult to maintain social connectedness, an ongoing sense of purpose, and the abilities to function independently, to permit functional recovery from illness or injury, and to cope with residual functional deficits' [20] . The aims of the study were to: (i) verify the effects of the Jog your Mind program on attitudes and behaviors related to cognitive vitality (program's proximal objectives) and (ii) explore the effects of the program on cognitive vitality (program's long-term goal) while considering potential moderating variables.
Methods
The study protocol has been approved by the Université de Montréal's research ethics committee. It was described in detail elsewhere [21] but summarized here.
Study design
The study uses a quasi-experimental design to evaluate the Jog your Mind program (Fig. 1) . This research design corresponds to an effects' analysis Attitudes and lifestyle effects of Jog your Mind of 'use or practical efficacy' [22] , meaning that it aims to verify whether the program works under natural conditions. In line with Patsopoulos' (2011) [23] definition of pragmatic trials, this research was designed to test the program in its natural implementation conditions, namely the community settings. Randomization of individuals or groups was therefore excluded because it was not considered acceptable by community groups managers. Community organizations (n ¼ 23) were responsible for recruiting study participants and were assigned to either the experimental (n ¼ 13) or control (n ¼ 10) group based on the organizations' readiness to implement the program. Participants of the experimental group (n ¼ 143) took part in the Jog your Mind program during the study, whereas participants of the control group (n ¼ 151) were recruited based on their willingness to participate in the program the year after. Experiment and control groups were seasonally matched when they entered the study to control the effects of the season. The study lasted from 2009 to 2013.
Intervention
A detailed description of the Jog your Mind program is available elsewhere [19] . Jog your Mind was offered to groups of seven to 15 seniors over 10 weekly sessions of two hours with non-specialized community practitioners or volunteers acting as group leaders. The format of the program was decided following consultations with community organizations and considering that there are some evidences that short term community interventions can lead to attitude and behavior changes among seniors [24, 25] . During the sessions, memory strategies were practiced in a context that simulated daily tasks (e.g. remembering names, learning phone numbers). Intellectually stimulating activities (e.g. riddles, logic games or memory tasks) were performed according to an increasing level of difficulty and some were suggested as 'homework'. Themes such as diet and stress management were also included in the program. The group leader used cognitive-behavioral strategies (e.g. pedometers, personal objectives) to motivate the participants to adopt a healthy lifestyle, including a self-directed walking program. Finally, participants explored the available community resources that could provide them with stimulating leisure activities. The program was based on an andragogic approach that emphasized concrete learning, reflection and sharing [26] .
Community organizations were in charge of implementing the program. They had to refer group leaders who would participate in a one-day training session offered by the program managers at the West-Central Montreal Health. After the training, leaders and community organizations benefited from support and advice from the program managers to facilitate the implementation.
Participants and recruitment
Community organizations for seniors were recruited in the French-speaking province of Quebec (Canada), more specifically in Montreal and nearby area. Their objective was to recruit about 15 seniors each to offer them the Jog your Mind program in the coming weeks or next year (waiting list). Both experimental and control groups were provided with the same pre-selection grid to ensure standardization of participants' selection. The participants were eligible to participate in the study if they met the following criteria: (i) aged 60 years old and over; (ii) French speaking; (iii) interested in participating in the Jog your Mind program; (iv) not having followed a similar program over the last year and; (v) not having received a cognition-related diagnosis by a healthcare professional (self-reported).
For the study, a sample size of 216 participants at both the pre and post-intervention was considered sufficient to have a power of 80% for detecting medium size effect following the program (alpha ¼ .05) for one of the main outcomes, namely the use of everyday memory strategies.
Data collection
The research coordinator phoned each potential participant to verify their eligibility, to gather sociodemographic data and to administer a screening test for depression symptoms, the Mini-Geriatric Depression Scale [27] .
Each participant was interviewed twice: at baseline (pre-program for the experimental group) (T1) and 14 weeks later (post-program for the experimental group) (T2). Interviews lasted around 90 minutes and were conducted by trained interviewers. The latter were not told in which group (experimental or control) the participant belonged and they were not aware of the program details and objectives.
Variables
All instruments were chosen according to the objectives of the study and their metric qualities. While variables and instruments are only briefly presented here, further description including the instruments' psychometric properties is available in the methodology paper of this study [21] .
Attitudes. Confidence in cognitive abilities was assessed by a modified version of the Capacity subscale of the Metamemory in Adulthood (MIACapacity) questionnaire [28] . Thirteen items of the original subscale were used with a rating scale going from 1 (Strongly agree) to 5 (Strongly disagree).
Feeling of control over cognitive abilities was assessed by the Locus subscale of the Metamemory in Adulthood questionnaire (MIA -Locus) [28] . Participants were asked to rate their level of agreement (1 -Strongly agree to 5 -Strongly disagree) with 9 items.
Participants were asked to rate their perception of memory on a scale of 1 (Poor) to 10 (Excellent). They were also asked to rate to which degree they were concerned about their memory on a scale of 1 (Not concerned at all) to 10 (Very concerned).
Behaviors. Memory strategies were assessed by the Strategy subscale of the Multi-factorial Memory
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Questionnaire (MMQ -Strategy) [29] . Participants were asked to report the frequency (0 -Never to 5 -Always) with which they used some memory tips over the last two weeks. Use of a specific memory strategy, namely grouping words into categories, was measured by the California Verbal Learning Test II (CVLT) [30, 31] .
Level of physical activity was assessed by an adaptation of the Community Healthy Activities Model Program for Seniors Questionnaire (CHAMPS) [32] comprised of 10 items. Participants were asked about the frequency and the duration (in minutes) of their practice of different physical activities (e.g. dancing and walking) in the past four weeks.
Frequency of participation to stimulating activities over the last four weeks was assessed by an 18-item questionnaire adapted from the Florida Cognitive Activities Scale [33] .
Cognitive vitality. Subjective memory functioning in daily life was assessed by the Ability subscale of the Multifactorial Memory Questionnaire (MMQ -Ability) [29] . For the 20 items of this scale, participants were asked to report the frequency (0 -Never to 4 -Always) of memory mistakes (e.g. forgetting a person's name, forgetting to deliver a message) made over the last two weeks. In addition, executive function was assessed by the Stroop test [34, 35] . Verbal retention and learning were assessed by the California Verbal Learning Test II (CVLT) [30, 31] . Everyday memory was assessed by the Rivermead Behavioural Memory Test (RBMT) [36] . Participants were asked to perform different memory tasks such as remembering name, place of a hidden object, date of an appointment, pictures, story and route. Finally, attention in daily life was assessed by an adaptation of the Attention Self-Assessment Questionnaire (Questionnaire d'auto-évaluation de l'attention -QAA) [37] . Participants were asked at what frequency (1 -Never to 6 -Always) they experienced lack of attention in 7 different everyday situations.
Control and descriptive variables. Sociodemographic variables such as age, gender, marital status, living alone, years of education and perception of income were collected as control variables as well as perceived physical health [38] . Participants were also asked whether they were taking medications pertaining to a list of six categories that could interfere with cognition. The cognitive level, evaluated by Montreal Cognitive Assessment (MoCA) [39] , was documented as a control variable.
Program process. Group leaders recorded attendance for every session such that compliance and attrition rates were calculated. Further details on implementation processes are reported elsewhere [19] .
Statistical analysis
Data entry and cleaning as well as variables transformation and analyses were performed using the SPSS TM and Stata TM (version 10) softwares. Descriptive analyses allowed for the description of the reached population. Group differences at baseline were assessed through t test and chi-square analyses.
To verify the effects of the Jog your Mind program, simple comparisons and regression analyses were performed. Crude data was examined to compare groups at T2. Standardized mean differences were calculated to assess the clinical importance of the changes in outcomes [36] . A linear regression was run to evaluate the effect of the program while controlling for potential confounders. The analyses were conducted according to the intent-to-treat principle and participants were maintained in the group they were initially assigned to. Like others, it was chosen not to adjust for multiple comparisons [40] . The nesting of participants within community organizations resulted in negligible intraclass correlations, hence multilevel and ordinary least square (OLS) regressions gave nearly identical results. Here, only OLS regressions are shown. To explore individual factors that could moderate the program's effects, regression analyses including interacting effects were performed. Potential effects moderators tested included baseline score, age, perceived income, depression symptoms, baseline cognitive level (MoCA) and baseline memory's perception.
S. Laforest et al.

Results
Recruitment
A total of 294 participants were recruited by 23 community-organizations, in clusters of 7-15 people. Figure 1 shows the flow of participants through the study. Between T1 and T2, the attrition rate was somewhat higher in the experimental group (12%) than in the control group (6%). Participants were unable to follow-up due to health problems, traveling, decline to continue participating, perceived burden of the study, belief that the program would not meet their needs or impossibility to contact them. The participants who left the study did not differ statistically from those who stayed with respect to demographics and health data at baseline, but they had a lower perception of their memory (P ¼ 0.009) and a lower cognitive level (P ¼ 0.023).
Participants' baseline characteristics
Participants' baseline characteristics are presented in Table I . Overall, participants were mostly women (87%) and had a mean age of 71. Their mean level of education was 12 years. Most of the participants lived alone (61%) and perceived their income as being sufficient or higher (93%). In average, they rated their memory capacities with a mean score of 6.8 out of 10. Participants rated their concerns related to memory with a mean score of 5.6 out of 10. Cognitive level was quite similar in both experimental and control group (mean MoCA score of 25.7) although just below the cut-off score of 26, an indicator for mild cognitive impairment [39] .
At baseline, participants of the experimental group had a lower perception of their memory capacities (P ¼ 0.027) but perceived their health as being better than participants from the control group (P ¼ 0.001). Experimental and control groups did The second model was adjusted for sociodemographic variables (age, gender, living alone, years of education and perceived income), perceived health status, number of medications, baseline cognitive level (MoCA), memory perception, depression symptoms and baseline scores for the measured outcome. In this adjusted model, the feeling of control over cognitive abilities was found to improve significantly in the experimental group compared with the control group (b: 0.89; 95% CI: 0.07-1.71; P ¼ 0.033). In terms of behaviors, the use of everyday memory strategies remained significant (b: 2.62; 95% CI: 1.00-4.24; P ¼ 0.002). Frequency Objective 2: to explore the effects of the program on cognitive vitality
As seen in Table II , relative changes were of similar magnitude for both experimental and control groups with respect to subjective memory functioning in daily life (15.2 and 14.9% of change, respectively), executive function (3.7 and 3.8% of change, respectively) and everyday memory performance (3.0 and 3.4% of change, respectively). For CVLT learning and attention, the experimental group improved more (from 47.1 to 52.4 and from 17.2 to 16.6 respectively) than the control group (from 48.1 to 51.6 and from 16.5 to 16.1 respectively). For CVLT retention, the experimental group improve less (from 87.5 to 88.3) than the control group (from 85.9 to 87.0). Table III shows that no effect from the program was found through the regression analyses, neither on the subjective memory functioning of participants, nor on other indicators of cognitive vitality.
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The analysis of the interactions led to some contradictory results, which overall did not allow to identifying a profile for participants that would benefit the most or the least from the program.
Discussion
This study revealed that a multi-factorial program aiming to promote cognitive vitality among seniors could significantly improve attitudes and behaviors related to cognitive vitality but it did not reveal significant impact on participants' cognition immediately after the end of the program.
Objective 1: to verify the effects of the program on attitudes and behaviors
Jog your Mind successfully met its main short-term objectives. First, a significant effect on participants' feeling of control over their cognitive abilities was found. This finding is in agreement with West and colleagues (2008)'s study [42] showing that an intervention integrating principles of memory self-efficacy can have significant effects on locus of control among healthy seniors. The authors suggested that the integration of self-efficacy principles across every aspects of the program greatly contributed to this positive result. Providing the participants with accurate information regarding the aging process and the determinants of cognitive vitality could have helped them regain a sense of control over cognitive aging. Likewise, we believe that the focus of Jog Your Mind on empowerment of seniors was probably a key contributor to the program's effect on feeling in control toward their cognitive abilities.
Second, Jog Your Mind improved participants' use of memory strategies, documented with a questionnaire and assessed with a word-list test. Other studies have also shown that group-based educational programs can lead to detectable change in memoryrelated behaviors. For example, the Memory and Aging Program (MAP) [13, 43] , an education and memory group program, led to a small effect size (0.27) on the use of everyday memory strategies when comparing group members to control participants and it led to an even larger effect size (0.50) when only memory strategies targeted in the program were considered in the analysis [13] . According to Tardif and Simard [44] , the generalization of the program's learning to the real world is a challenge. In Jog your Mind, this translation might have been facilitated by the fact that most of the activities were inspired by situations of the daily life. This result is particularly encouraging given that use of memory strategies has been associated with lasting effects on memory and everyday functioning [14] .
Third, Jog your Mind also successfully improved participants' practice of physical activity and S. Laforest et al. Attitudes and lifestyle effects of Jog your Mind stimulating activities. This is very good news considering the fact that the program was only given over a 10-week period. The effects of the program on the practice of physical activities are discussed in details in another paper [45] . With regards to the practice of stimulating activities, our results are also encouraging given that previous studies have shown an association between the involvement in social or cognitively stimulating activities and improvement in cognitive abilities or prevention of cognitive decline among older adults [8, 9, 46, 47] . In addition, those changes brought on by the program are particularly relevant from a health promotion perspective. Indeed, physical activity and engagement in stimulating activities are not only determinants of cognitive health, but they contribute to healthy aging and overall well-being in general.
Objective 2: to explore the effects of the program on cognitive vitality
The program's effects on variables pertaining to improvement of cognitive vitality (long-term goal of the program) were explored. Our results show that none of those measured variables improved significantly. However, a review of 14 individualized and group interventions showed that training and stimulation programs can lead to some improvement on cognitive measures among healthy seniors [44] . Most of these interventions were professional-led and were targeting specific cognitive functions. As a health promotion program, Jog your Mind targets multiple factors, which leaves less of a focus on memory training exercises. Hence, it is possible that changes in cognitive abilities need more intense interventions or may take longer to occur [48] , which could explain why we did not detect changes immediately after the program. Despite the lack of effect detected on cognitive measures, Jog Your Mind, as a light-intensity and low-cost program, still provided the benefits of improving some determinants of cognitive vitality in a short amount of time. These results, coupled with the fact that the program was judged relevant by community organizations' managers and that the participants reported some subjective benefits [19] , make us consider this health promotion program as valuable. The evaluation of Jog your Mind's long-term effects remains to be established. The search for individual factors moderating the programs effects was inconclusive. Nevertheless, this must be taken with caution since many interactions were tested and the sample size was relatively small for those analyses, therefore allowing for the possibility of false results.
Implications for practice and research
For health education practitioners, this study provides evidence that a multi-factorial health promotion program, offered in community settings, can lead to attitude and behavior changes among seniors without known cognitive deficits. This suggests that, according to an ecological approach, daily life situations such as having to learn names of the other group members can serve as good opportunities to learn memory strategies. It also demonstrates the importance of using cognitive-behavioral strategies and proven educational methods to foster adoption of socially and physically active lifestyle.
While previous works showed that the program was feasible in a community setting and that it was appreciated by the participants and the group leaders, it was important to document its benefits. While other variables, such as well-being and quality of life, could have been addressed in this study, we carefully selected variables according to the different components of the program's logic model (i.e. changing attitudes, lifestyle behaviors and cognitive vitality) and to the possibility of detecting measurable changes given the study timeframe. Methodologically, this project supports the relevance, for researchers, of conducting practical efficacy studies that minimize the manipulation of the intervention's natural implementation conditions in order to optimize the generalization of its results. More specifically, in terms of knowledge advancement, the results pinpoint the need to further study the essential ingredients for a cognitive health promotion program that would not only improve some determinants of cognition but also succeed in S. Laforest et al.
increasing participants results on neuropsychological testing.
Limitations of the study
This study had some limitations. First, participants were not randomized, which remove the possibility of controlling for external confounders. Second, cognitive tests were not administered by experts. However, interviewers attended training to maximize rigor of the data collection. Third, the participants were all volunteers with an interest in the topic of cognition, therefore, the results might not be transferable to people without those characteristics. However, it should be noted this is the target population for the program. Future studies will help in determining whether our sample was representative of the senior population in Quebec and/or Canada. Fourth, most data (e.g. cognitive problems, use of memory strategies) were self-reported and were therefore at risk for memory or social desirability biases. Finally, while several measures have been taken to prevent contamination between experimental and control groups, the most important being to recruit them from separate organizations, two control participants still ended up participating in the program in another city. Their data were transferred in the experimental group.
In summary, the present study demonstrated that a multi-factorial community-based program given by community practitioners or volunteers could improve attitudes and behaviors related to overall health, and more specifically to cognitive health, among seniors. This study suggests that beyond encouraging seniors to increase the application of memory strategies to their everyday life, this program with a high potential of generalization successfully promoted crucial components of an overall healthy lifestyle. The next step is to verify whether such improvement can be maintained over the long term.
